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Introduction
Until recently, the topic of fibre in the nutrition 
of the pig captured very little interest in the 
US and other regions feeding diets based 
primarily on corn and soybean meal. 
This certainly was not the case in Europe 
and other parts of the world, where more 
complex diets employing a wide variety of 
feed ingredients, many high in fibre, were 
being fed. The situation in the U.S. changed 
in 2008 when the price of corn doubled, 
then tripled and almost quadrupled (Figure 
1), and left the pork industry seeking ways to 
reduce the cost of feeding pigs. Concurrently, 
co-products of the biofuels sector as well as 
other crop and food processing industries 
were adopted with surprising speed. Indeed, 
by 2011/12, many practical diets in the U.S. 
had been successfully switched from 75% 
corn to less than 40%, and in some cases, 
less than 20%. 
Figure 1. 10 year history of the futures contract price of corn
Source: NASDAQ, 2014
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The speed with which new ingredients 
were adopted, and concurrent changes in 
feed manufacturing and diet formulation 
strategies, inevitably led to many questions 
about fibre use by the pig. Questions arose 
about the impact of fibre in the diet on 
the utilization of other dietary constituents 
such as fat, starch and amino acids. It also 
resulted in inquiries about the selection 
of optimum energy concentration in the 
diet, and about ways to enhance the daily 
intake of lower energy, higher bulk diets. 
Estimating the energy content of diets 
higher than usual in fibre content proved to 
be problematic (Acosta Compargo et al., 
2014), and will be addressed below.
Because corn grain and its co-products 
contain an unusually high portion of 
insoluble as opposed to soluble fibre (Figure 
2), at least compared to other common 
crops such as wheat, barley and peas 
(Bach Knudsen, 1997), the challenges in 
understanding fibre utilization in North 
American diets at the practical level is a 
bit unique. It differs somewhat from those 
experienced in other parts of the world, 
although truth be told more in degree if 
not in substance. Fortunately, researchers 
on fibre in Europe took a holistic approach 
in their studies and generated a great deal 
of valuable information that can now be 
applied to North American circumstances. 
However, understanding the impact of fibre 
on the pig is a complex subject. Fibre can 
at once be an energy diluent and a benefit 
to gastrointestinal health. It can impede 
enzymatic digestion in the pig, but also 
stimulate gastrointestinal microbiota. The 
same fibre that impedes digestion and 
absorption in the upper gut can stimulate 
fermentation and the release of energy in 
the colon.
Figure 2. Soluble and insoluble NSP content of corn co-products (as-fed basis)
Source: Gutierrez et al., 2014
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Therefore, it has been a challenge to utilize 
fibrous ingredients effectively in practical 
pig diets while maintaining the level of 
growth performance previously experienced 
using corn-based diets, reducing the overall 
cost of feeding the pig herd, maximizing net 
income, enhancing the pig carcass and in 
some instances improving pig health and 
welfare. Understanding the impact of fibre 
in pig nutrition has been very challenging, 
but advancing the science will advance 
the competitiveness of pork production as 
a source of high quality protein in the 
human diet.
Definition of dietary fibre  
in swine nutrition
Dietary fibre can be, and most certainly 
has been, defined in many different ways. 
A commonly referenced definition in 
human nutrition was presented by Trowell 
(1976) as “all plant polysaccharides and 
lignin that are resistant to hydrolysis by 
human digestive secretions.” In 2001, the 
Institute of Medicine suggested that total 
fibre can be defined as the sum of dietary 
fibre and functional fibre, where dietary 
fibre is non-digestible carbohydrates plus 
lignin and functional fibre is isolated, non-
digestible carbohydrates having beneficial 
physiological effects on humans (Slavin, 
2003). More definitions have evolved in the 
past decade, but from the perspective of the 
pig, we can avoid some of the controversy 
that exists in human nutrition. For example, 
in human nutrition, there is a desire to 
evaluate fibre on its ability to enhance 
satiety and encourage reduced caloric 
intake, something that has little interest 
in pork production other than perhaps 
the gestating sow, where satiety could be 
beneficial.
In swine nutrition, most definitions of fibre 
fall into two broad categories: chemical 
and physiological (Bach Knudsen, 2001). 
From a physiological perspective, fibre 
is often referred to as that portion of the 
diet which is resistant to digestion by 
endogenous enzymes, similar to Trowell’s 
definition above. Chemically, fibre refers 
to the sum of non-starch polysaccharides 
(NSP) and oligosaccharides plus lignin. 
NSPs typically comprise about 90% of the 
cell wall of plants. The main NSP present 
in plant cell walls is cellulose. The main 
matrix polysaccharides are ß-glucan in 
barley and arabinoxylans in wheat, rye, 
sorghum, corn and triticale (Choct, 1997; 
de Lange, 2000). The NSP content of 
common cereal grains and co-products is 
presented in Table. 1. While more than 100 
monosaccharides are known to exist, only 
about 9 are of importance in NSP structure: 
the pentoses (arabinose and xylose), the 
hexoses (glucose, galactose and mannose), 
the 6-deoxyhexoses (rhamnose and fucose, 
and hexauronic acid), galacturonic acid and 
glucuonic acid. Unlike cereal grains, legumes 
tend to be rich sources of oligosaccharides, 
which are also poorly digested by the pig. 
Finally, so-called resistant starch that avoids 
enzymatic degradation in the upper gut can 
be considered fibre. As one can appreciate, 
starch that is fermented in the lower gut 
and absorbed as short chain fatty acids 
will provide less available energy to the pig 
for metabolic purposes than that which is 
enzymatically digested in the upper gut and 
absorbed as glucose (Bindelle et al., 2008).
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Table 1. Types and levels of non-starch polysaccharides in cereal grains and cereal by-products
Cereal ARABINO-
XYLAN




- Soluble 1.8 0.4 0.2 2.4
- Insoluble 6.3 0.4 2.0 0.1 0.2 9.0
Barley
- Soluble 0.8 3.6 0.1 4.5
- Insoluble 7.1 0.7 3.9 0.2 0.1 0.2 12.2
Corn
- Soluble 0.1 0.1 0.2
- Insoluble 5.1 2.0 0.2 0.6 8.0
Rye
- Soluble 3.4 0.9 0.1 0.1 0.1 4.6
- Insoluble 5.5 1.1 1.5 0.2 0.2 0.1 8.6
Sorghum
- Soluble 0.1 0.1 0.2
- Insoluble 2.0 0.1 2.2 0.1 0.2 4.6
Rice bran1
- Soluble 0.2 0.1 0.1 1.7
- Insoluble 8.3 11.2 0.4 1.0 0.4 21.3
1 Defatted. Source: Choct, 1997
Soluble fibre includes pectic substances, 
gums, mucilage and some hemicelluloses. 
Insoluble fibre includes cellulose, other 
hemicelluloses and lignin. The solubility of 
fibre helps to define its physiological effects. 
For example, soluble fibres will increase 
viscosity of the intestinal contents and will be 
better fermented in the lower gut. Insoluble 
fibre, on the other hand, will increase fecal 
volume, and decrease intestinal transit time.
The challenge of defining fibre is a 
significant one in pig nutrition. Physiological 
definitions often lead to a component of 
the diet that is difficult to define chemically. 
And chemical definitions may not quite 
align with physiological function. While the 
differences may be small in some situations, 
they do pose significant challenges in 
others, particularly where fibre is viewed 
as both a negative and a positive dietary 
constituent. It can be viewed as negative, 
because it reduces diet digestibility and 
positive, because it may provide benefits to 




Assays used for quantify fibre  
in swine diets
I will not enter into a detailed discussion on 
the various assays of fibre that have been or 
are being used in pig nutrition. That is well 
beyond the scope of this paper, and there are 
far more qualified speakers on the program 
able to address this topic in detail. However, 
a brief historical review and summary is 
relevant to the current discussion, and helps 
to set the foundation for later discussion on 
the biological implications of dietary fibre 
in swine. 
Crude fibre is an assay with strong historical 
roots in animal nutrition; it dates back to 
at least 1820, if not before. It represents 
the residue of plant material remaining 
after sequential extraction by diethyl ether, 
dilute acid and dilute alkali. It represents, 
imprecisely and incompletely, the 
hemicellulose, cellulose and lignin content 
of feedstuffs. The degree of recovery varies 
widely among ingredients and thus is no 
longer considered an acceptable fibre 
assay (Asp et al., 1983). Regrettably, it is 
still in broad use in North American private 
analytical laboratories.
The detergent system developed by van 
Soest at the U.S.D.A. in Beltsville, MD 
(van Soest, 1963) and referred to as acid 
detergent fibre (ADF) and neutral detergent 
fibre (NDF) was intended for use in ruminant 
species, but earned increasing acceptance 
in monogastric nutrition. ADF quantifies the 
cellulose and lignin content of a feedstuff, 
and NDF includes cellulose, hemicellulose 
and lignin content. The detergent system 
has limitations, in particular its exclusion 
of the soluble fibres; for example, pectins, 
mucilages, gums and ß-glucans will not 
be included in ADF or NDF determinations 
(Grieshop et al., 2001). Since many cereal 
grains contain significant quantities of 
soluble fibre, this can be a serious limitation 
in certain situations. Also, ADF and NDF do 
not identify the constituents of fibre like the 
newer assays are able to do. While ADF 
and NDF serve useful purposes in practical 
application in the swine industry today, 
their limitations need to be understood. 
They may have their greatest use in diets 
consisting primarily of corn and corn co-
products since most of the fibre is present 
in insoluble form. Ultimately, there is a need 
to move away from the detergent system 
to more precise and definitive analytical 
methodologies, but van Soest can be 
considered an early pioneer in the field of 
fibre and animal nutrition.
“I began my work on fibre in 1957 while 
employed in the Agriculture Research 
Services, USDA, at the instigation of the late 
Dr. Lane Moore, who believed that fibre was 
one of the Cinderellas of nutrition. Other 
administrators and biochemists thought, 
and I was told by several, that money and 
time was being wasted on a fruitless topic 
that would lead to no future.”
Dr. Peter van Soest, 1978
There are three main methodological 
categories of assays employed in the 
determination of dietary fibre in human 
nutrition, and this approach is increasingly 
being adopted in swine nutrition as well: 
non-enzymatic-gravimetric, enzymatic-
gravimetric and enzymatic-chemical 
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(Elleuch et al., 2011). The determination of 
crude fibre and the detergent fibre system, 
both described previously, are examples of 
the non-enzymatic-gravimetric method. 
The most commonly used methods in 
human nutrition, and increasingly in animal 
nutrition, are the enzymatic-gravimetric 
procedure of the AOAC (Prosky et al., 
1988) and the enzymatic-chemical method 
(Englyst et al., 1994).
The Prosky method uses a combination 
of enzymatic and gravimetric procedures 
to determine total dietary fibre (TDF). It 
evolved from the Van Soest detergent 
method, adding an enzymatic step to 
minimize interference from starch. Briefly, 
the procedure includes enzymatic treatment 
to remove starch and protein, precipitation 
of soluble fibre with ethanol, filtration and 
weighing of the dietary fibre residue. The 
result is corrected for protein and ash 
in the residue (Prosky et al., 1988). This 
method will include polysaccharides, lignin, 
and some, but not all resistant starch and 
other compounds such as waxes, phenolics 
and Maillard reaction products. It excludes 
oligosaccharides and some resistant starch. 
The method has been enhanced to include 
indigestible oligosaccharides and therefore 
allows for determination of soluble and 
insoluble fibre.
Enzymatic-chemical methods are also 
known as component analysis; this 
procedure uses a very different approach, by 
removing starch enzymatically. Precipitation 
with ethanol or by dialysis separates the 
soluble NSPs from lower molecular weight 
sugars and starch hydrolysis products. The 
sugars are then quantified by gas-liquid 
chromatography or high-performance 
liquid chromatography. A single value for 
the sum of all sugars can be determined 
by spectrophotometry (Englyst et al., 1994). 
Klason lignin is determined on the residue 
and then added to the sum of total NSPs to 
generate a value for total dietary fibre. This 
method measures only NSPs and lignin. 
Oligosaccharides and resistant starch will 
not be included.
The Uppsala method (Theander et al., 
1995) is another example of an enzymatic-
chemical method and quantifies neutral 
sugars, uronic acid and Klason lignin, using 
enzymatic removal of starch and recovery 
of fibre by precipitation with 80% ethanol. 
The fibre is hydrolyzed in acid and the 
neutral sugars are measured using GLC, 
uronic acids by colorimetry and Klason 
lignin by gravimetry.
No assay is perfect, but the more 
sophisticated methods developed over the 
past 25 years have greatly aided in our 
understanding of fibre metabolism, and 
the role of fibre in swine nutrition. Europe 
has been a clear leader in this field. We 
encourage continued work in this regard, 
to not only refine the most sophisticated 
methodologies, but also to create methods 
that can be widely used by the pig 
industry to evaluate and characterize feed 
ingredients on a higher volume, lower cost 
basis. While the detergent system is less 
precise than more modern methods, it 
is attractive in commercial practice, as 
opposed to research laboratories, due to its 
cost and capacity. Perhaps Near Infrared 
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Reflectance will offer opportunities “on the 
ground” to enhance the characterization of 
large quantities of feed ingredients and thus 
contribute to the more effective use of high 
fibre ingredients in practical pig diets.
Fibre digestion
As described above, fibre is not digested 
by endogenous enzymes in the pig, but 
rather must undergo bacterial fermentation 
(Just et al., 1983). Fermentation in the 
large intestine, and to a smaller extent in 
the ileum, produces short chain fatty acids 
(SCFA), mainly acetate, propionate and 
butyrate. It also produces some gases and 
water, and of course, bacterial biomass. 
The SCFA are rapidly absorbed from the 
gut in most situations. Acetate is carried 
to the liver, where it acts as a substrate for 
energy metabolism in muscle. Propionate 
is converted to glucose in the liver, while 
butyrate is used locally by the colonocytes 
to help support their energy needs. 
Butyrate is believed to be associated with 
gut health, because it stimulates epithelial 
cell proliferation in both the small and large 
intestine, and also encourages water and 
sodium resorption (Pluske and Kim, 2014). 
The hindgut plays a major role in digestion 
of highly fibrous diets; Shi and Noblet (1993) 
reported that across a wide range of diet 
composition, the large intestine contributed 
16% of the total DE of the diet in growing 
pigs. The digestibility coefficients of energy, 
fibre and crude protein in the lower gut were 
35%, 39% and 15%, respectively. Keys and 
deBarthe (1974) reported that approximately 
100% of the digestion of cellulose and 80% 
of the digestion of hemicellulose took place 
in the large intestine.
The extent of digestion of fibre, and 
its impact on the digestibility of other 
nutrients, is broadly explained on the basis 
of viscosity, water holding capacity and 
solubility (Souffrant, 2001; Hooda et al., 
2011). Solubility depends on the type of 
polymers in the fibre and their structural 
associations with other cell wall components 
(deVries et al., 2012). The hull is generally 
heavily lignified and thus resists digestion 
or even fermentation. Noblet and Le Goff 
(2001) reported that total tract digestion of 
dietary fibre ranges from virtually 0 for lignin 
to 80% to 90% in fibre that is rich in pectin 
or is highly soluble.
Physiological factors also influence the 
degree of digestion of fibre, including 
level in the diet, intestinal transit time, the 
age and weight of the pig and the innate 
bacteria present in the gut (Le Goff et al., 
2003; Montagne et al., 2003). With so 
many factors involved, it is no wonder that 
modifying diets with different fibre sources 
has often led to uncertain results.
Ngoc et al. (2011) reported that particle 
size reduction, from 810 to 341 microns, 
increased apparent total tract digestibility of 
crude fibre, NDF, organic matter and gross 
energy in the weanling pig, but not in the 
growing pig. De Vries et al. (2012) reached 
the same conclusion; reducing particle size 
increases the surface area of the material, 
making it more accessible to enzymes and 
to bacteria. However, grinding also alters the 
physicochemical nature of feedstuffs. Adding 
heat, either dry or wet, to the processing 
equation further enhances digestibility by 
breaking the seed coat and endosperm.
48
INTERNATIONAL NON-STARCH POLYSACCHARIDE FORUM
Viscosity is also impacted by various 
physical processing procedures. The exact 
impact of the process on viscosity depends 
on the nature of the NSP and the severity 
of the treatment. Simple grinding will tend 
to reduce viscosity by reducing molecular 
weight of the NSP fragments. If heat 
treatment is added, however, this will tend 
to burst cell wall structures and release 
the matrix contents without particle size 
reduction; this will result in an increase in 
viscosity (De Vries et al., 2012).
Finally, the addition of enzymes is another 
process that can be applied to the topic 
of fibre digestion. Other speakers will be 
covering this topic in detail.
Hindgut fermentation can represent a 
substantial portion of the total energy 
supplied to the pig by the diet. For example, 
Anguita et al. (2006) reported that on a 
high fibre diet (24% NSP), fermentation 
represented 18% of the total daily supply of 
energy, and even on a low fibre diet (7.7% 
NSP), it contributed 7% of the total.
Impact of fibre: Animal performance
Changes in the content of fibre in the diet 
may have substantial impacts on growth 
performance. Increasing the NDF content 
of growing and finishing diets may result in 
a reduction in rate and efficiency of gain, 
as explained below, unless steps are taken 
to maintain equivalency of dietary energy, 
such as by adding the appropriate amount 
of fat to the diet. Beaulieu et al., (2009) 
reported that replacing wheat and oil in a 
diet with increasing proportions of barley 
and canola meal increased NDF. Since the 
dietary energy content was allowed to float, 
it caused the pigs to eat more feed and 
experience reduced feed efficiency (Table 2). 
Presumably, the pigs ate more feed as the 
NDF increased in order to maintain constant 
daily energy intake; however, when the NDF 
content became too great, and the energy 
content of the diet declined too much, the 
pigs were not able to further increase feed 
intake and daily energy intake declined as 
feed intake plateaued. Presumably, the limit 
to increased feed intake was diet bulk; the 
physical capacity of the gut was simply 
exceeded when the NDF content was too 
high. The extent to which pigs can adjust to 
higher fibre, lower energy diets will depend 
on a large number of factors, but suffice it 
to say that in commercial practice, when 
lower energy, higher fibre diets are fed, 
attention to maximizing feed intake in the 
pig takes on added importance. Indeed, 
in commercial practice, where a variety of 
factors conspire to restrict feed intake, any 
reduction in dietary energy will often result 
in slower growth rates.
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Table 2. Impact of decreasing dietary energy concentration – and increasing dietary NDF content, on growth performance and 
daily energy intake
DIET DE, MCAL/KG 3.05 3.19 3.33 3.47 3.61
Initial wt., kg 31.2 31.1 31.5 31.2 31.1
Final wt., kg 115.1 115.5 115.3 115.0 115.6
Daily gain, kg 1.00 1.02 1.04 1.02 1.03
Daily feed, kg1 2.66 2.62 2.62 2.52 2.44
Feed conversion1 0.39 0.40 0.41 0.42 0.44
DE intake, Mcal/d 8.22 8.49 8.76 8.61 8.71
1Effect of diet ME content significant, P < 0.05. Source: Beaulieu et al., 2009
Low DE diet contained 16.4% NDF; high DE diet contained 9.6% NDF
Impact of fibre: Nutrient requirements
Increasing the content of fibre in the diet 
may alter nutrient requirements. The new 
NRC (2012) quantifies the increase in 
threonine required in the diet as fermentable 
fibre levels increase.
Impact of fibre: Energy digestibility 
and content
There is no question that increased 
dietary fibre will result in a reduction in the 
apparent total tract digestibility of energy 
and nutrients (Table 3 & 4). Pilcher et al., 
(2013) reported an average 3.5% reduction 
in the standardized ileal digestibility of 
indispensable amino acids. It must be 
noted that the increase in fibre could result 
in an underestimation of standardized 
ileal digestibility of amino acids, since 
SID accounts only for basal endogenous 
losses and does not account for specific 
endogenous losses, which are expected to 
increase with higher fibre ingredients.
Table 3. The impact of increased neutral detergent fibre on the standardized ileal digestibility of amino acids
AMINO ACID NDF = 7.0%1 NDF = 11.4%2 SEM P-VALUE
Lysine 84.1 79.6 1.02 <0.0001
Methionine 86.0 83.9 0.91 0.0003
TSAA 81.5 77.9 1.26 <0.0001
Threonine 79.5 74.9 0.97 0.0403
Tryptophan 85.6 84.0 1.52 <0.0001




1 7.0% NDF diet contained no corn DDGS; 2 11.4% NDF diet contained 25% corn DDGS. Source: Pilcher et al., 2013
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Table 4. Impact of increasing total dietary fibre on apparent digestibility of energy and TDF in the upper and lower gut and over 
the total length of the digestive tract
ITEM 02 10 20 30 40 SEM L3 Q3
AID, %
GE 78.8 75.1 74.6 72.5 72.2 1.3 <0.01 0.19
TDF 14.9 17.5 16.5 15.9 19.9 2.8 0.15 0.62
Hindgut fermentation, %1
GE 6.5 8.1 5.9 5.7 4.8 1.0 0.07 0.43
TDF 21.9 16.4 16.8 10.8 9.7 3.0 <0.01 0.81
ATTD, %
GE 85.4 83.3 80.6 78.2 76.9 0.9 <0.01 0.36
TDF 36.6 34.4 33.5 26.4 29.1 2.2 <0.01 0.66
1Hindgut disappearance, calculated from the difference of ATTD and AID
2Percent corn bran with solubles added to the diet
3P-values for linear and quadratic effect of diet
Source: Gutierrez et al., 2013
In the same way, fibre can also reduce 
the digestibility of energy. Gutierrez et al. 
(2013) reported that increasing corn bran 
with solubles from 0 to 40% of the diet 
reduced the apparent ileal digestibility of 
energy by 8.4% and the apparent total tract 
digestibility by 10.0%. Hindgut fermentation 
was also affected, but since corn fibre is 
poorly fermented, the contribution to the 
overall digestibility of energy was very small. 
Recently, Newman and Patience 
(unpublished data) compared corn of 
differing quality and measured digestibility 
in the upper gut, lower gut and across the 
total gastrointestinal tract. They compared 
two corn samples that were previously 
determined to be higher in digestible energy 
content versus two corn samples that were 
lower in DE content (Table 5). They reported 
that there was no difference in apparent 
digestibility at the terminal ileum, but that 
hindgut fermentation was 40% higher in the 
higher energy corn samples. These samples 
were evaluated with and without enzymes 
and apparent total tract digestibility was 




Table 5. Comparison of apparent ileal and total tract digestibility, and hindgut fermentation in 2 higher quality (HQ) and 2 lower 
quality (LQ) corn samples
Corn Samples
Item HQ-1 HQ-2 LQ-1 LQ-2 SEM P-Value
AID, %
GE 79.12 80.18 80.20 79.67 1.04 0.744
DM 77.46 78.22 78.86 78.52 1.11 0.686
Fermentation, %
GE 5.59 5.48 2.76 3.79 1.49 0.092
DM 6.30 6.50 3.67 4.52 1.69 0.113
ATTD, %
GE 84.39 85.68 83.15 83.60 1.05 0.008
DM 83.47 84.82 82.82 83.25 1.11 0.007
Source: Newman and Patience, Unpublished data
However, a note of caution is appropriate. 
Measurement of apparent total tract 
digestibility of energy is generally 
interpreted to mean that any energy not 
appearing in the feces is available to the pig 
for metabolic purposes. There are two flaws 
with this assumption. First, some energy not 
appearing in the feces will be energy that 
was consumed during fermentation and 
released as gas or heat – and is therefore 
not available to the pig. Second, energy 
absorbed by the pig as short chained fatty 
acids is less efficiently utilized by the pig, 
something which is not addressed in a simple 
digestibility experiment (Patience, 2012). 
Bach Knudsen estimated that for every 1% 
increase in energy digested in the large 
intestine, the utilization of metabolisable 
energy will be reduced by 0.27%.
Although not well defined quantitatively, it 
is known that fibre will alter the transit time 
of digesta. For example, Wilfart et al. (2007) 
reported that increasing the concentration 
of wheat bran in the diet of the growing 
pig, a source of highly insoluble fibre, had 
no effect on mean retention time in the 
stomach, reduced mean retention time of 
the solid phase of the digesta in the small 
intestine and decreased mean retention 
time of both the solid and liquid phases in 
the large intestine. Earlier, Potkins et al. (1991) 
evaluated both soluble and insoluble fibre 
sources on rate of passage. They concluded 
that the effects of wheat and oat bran on 
rate of passage was more substantive in the 
large intestine than the small intestine. This 
suggests that rate of passage would not be 
a factor in any effects these fibre sources 
might have on nutrient digestibility in the 
upper gut, but that differences may occur 
in the lower gut. 
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Impact of fibre: Carcass yield 
It has long been known that feeding 
diets higher in fibre will result in growth of 
visceral tissue and also in increased mass 
of intestinal contents. The consequence 
of this is potentially misleading growth 
performance information when comparing 
diets with varying fibre content. Weber 
(2012) reported that increasing corn distillers 
dried grains with solubles from 30 to 60% 
of the diet reduced dressing percentage 
from 76.1 to 75.2. As shown in Table 5, 
when performance data were expressed on 
a whole body basis, there appeared to be 
no change in growth rate and a tendency 
for improved feed efficiency. However, when 
performance was expressed on a carcass 
basis, growth rate was impaired and there 
was no difference in feed conversion. These 
data, along with numerous other examples in 
the literature, suggest caution be exercised 
when comparing feeding programs of 
varying fibre content on a live weight basis; 
erroneous conclusions may be occur.
Impact of fibre: Environmental impact
Dietary fibre shifts nitrogen excretion from 
urea in the urine to microbial mass in the 
feces. The inclusion of soluble fibre in the diet 
of the growing pig increased fecal nitrogen 
output and lowered urinary nitrogen output, 
although overall nitrogen balance was 
unaffected (Zervas and Zijlstra, 2002).
Impact of fibre: Gut health
An important balance exists between the 
mucosa of the gut, the commensal bacteria 
in the gut and the diet (Montagne et al., 
2003). Disturbance of this balance can 
lead to gastrointestinal disease, or at least 
greater susceptibility to disease; on the 
other hand, a proper balance can actually 
be protective. The microbial population in 
the gut is generally considered to exist in 
three sub-populations: those in the lumen, 
in the mucous layer and in the mucosal 
surface (Salanitro et al., 1977). 
Recently, Pluske and Kim (2014) reported 
that the addition of soluble and/or insoluble 
fibre in a factorial experimental design 
with weanling pigs experimentally infected 
with enterotoxic e. coli resulted in improved 
growth performance as well as feed 
conversion. There was, however, no effect of 
dietary fibre on diarrhea index or number of 
therapeutic treatments given to the pigs. 
De Lange et al. (2010) reported that 
insoluble as opposed to soluble fibre sources 
in the diet provided protection against 
certain gastrointestinal diseases such as 
diarrhea due to haemolytic E. coli. However, 
the optimal concentration of insoluble 
fibre has not yet been elucidated. Bikker 
et al. (2006) proposed that fermentable 
carbohydrates would counter the negative 
effects of protein fermentation in the gut 
of the newly weaned pig. While they were 
able to reduce the quantity of ammonia 
produced in the gut, they were not able to 
enhance pig performance.
It appears that while no consensus exists, 
insoluble fibre tends to be viewed as 
protective against diarrhea, especially in 
the young pig, and that soluble fibre may 
actually exacerbate the problem. Answers 
are by no means definitive on this topic, and 
53
www.inspireforum.com
much more work is required to develop firm 
guidelines and achieve consistent outcomes. 
One of the problems with increasing the 
quantity of insoluble fibre in the diet is that 
while it may protect against diarrhea, it may 
also slow growth in an unacceptable manner.
Impact of fibre: Feed handling
Often overlooked – initially at least – is 
the impact of higher fibre ingredients 
on feed storage, mixing and handling 
capacity, due to changes in bulk density 
(Table 6). Ingredients such as wheat 
middlings, though commonly used in pig 
diets, substantially reduce the capacity of 
feedmills as well as feeders in the barn, all 
of which has important implications for feed 
processing and handling. For example, if a 
feed mill is operating at maximum capacity, 
and an opportunity comes along to save 
money by using a new ingredient, if its bulk 
density is lower than current ingredients, it 
may not be a feasible option. This not only 
demonstrates yet another way in which 
fibre affects swine nutrition, but also the 
close integration of all aspects of the pork 
production chain.
Table 6. Impact of increasing corn DDGS content of the diet from 30 to 60 percent on growth performance, when expressed 
on both whole body and carcass basis
DIET
D30 D60 SEM P-VALUE
BW, kg
 d 57 30.3a 29.3b 0.25 0.005
 Market 122.4 121.9 0.45 0.41
ADG, kg 0.91 0.92 0.008 0.59
ADG carcass, kg 0.71 0.69 0.005 0.07
ADFI, kg 2.07 2.03 0.021 0.21
G:F, live 0.44 0.45 0.005 0.11
G:F, carcass 0.34 0.34 0.004 0.91
Source: Weber, 2012
Conclusion 
Fibre is an increasingly important part 
of swine diets. As corn and other cereal 
grains are used for other food and non-food 
purposes, the pork industry will be forced to 
utilize higher fibre ingredients in the future. 
This presents a strong case for continued 
research on the chemistry of fibre and its 
physiological role in the pig. It also speaks 
to growing interest in the use of enzymes to 
help the pig extract the maximum quantity 
of nutrient from fibrous ingredients.
At the present time, there is a wide gap 
between the edge of scientific knowledge 
on fibre and its application in practical swine 
nutrition. Nowhere is this more apparent 
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than in analytical techniques, where research 
laboratories measure soluble versus insoluble 
fibre, individual sugars and various other 
fibre fractions, while commercial laboratories 
are typically determining crude fibre or ADF 
and NDF. This gap in adoption represents a 
significant opportunity to advance the field 
of swine nutrition.
Finally, the successful adoption of exogenous 
enzyme use in swine production 
represents a substantial opportunity to 
assist the industry in utilizing diets that 
increasing contain significant quantities 
of fibre. Other options for enhanced use 
include feed processing technologies – 
some of which can be employed in concert 
with enzymes – and genetic selection of 
animals with enhanced capabilities to 
handle lower energy, higher fibre diets.
Table 7. Differences in the bulk density of common feed ingredients
Ingredient NDF, %1 Density (kg/m3) Index2
Barley, ground 18.29 400.5 68
Corn, ground 9.11 592.7 100
Corn DDGS 30.46 560.3 95
Oats 25.30 320.4 54
Peas 12.84 800.9 135
Soybean meal 8.21 656.8 111
Soybean hulls 59.39 368.4 62
Wheat, ground 10.60 608.7 103
Wheat, middlings 34.97 320.4 46
1NRC, 2012
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